SANS intensity change due to adsorption induced deformation by Z-SLD water
Since the H 2 O/D 2 O water mixture adsorbed into the samples exhibits a net coherent scattering length density of zero (Z-SLD), the observed intensity changes in the SANS patterns in Fig. 3 , main manuscript, must be related to structural changes in the samples, i.e., to volume changes due to adsorption induced deformation. In a good approximation we can assume that potential changes of the macroporous network do not influence the SANS intensity in the measured range of the scattering vector length. Therefore, it is sufficient to consider a single meso-/microporous strut of total volume V in the following. In a simple two-phase description of the strut consisting of mesopores with walls of homogeneous scattering length density, the integrated SANS intensity is up to a constant scaling factor given by (S1).  meso is the mesoporosity of the strut (see Table 1 in the main manuscript) and  mpw is the mean scattering length density of the mesopore walls. We note that Eq. S1 remains valid during the whole adsorption process, since the Z-SLD water is not "seen" by the neutrons. However,  meso will change due to both, mesopore deformation and mesopore wall deformation, and also  mpw will change due to the deformation of the pore wall. Thus, we can use Eq. S1 to relate the relative change of the integrated intensity to the relative changes of the micropore density and the mesoporosity of the system. We use
with V mpw being the total volume of mesopore walls and V the total volume within a strut. Furthermore,
with  mpw being the linear strain of the mesopore walls assuming isotropic wall deformation. Finally, the total volume change of a strut is given by
, where R is the radius of the cylindrical mesopores, and SANS  is the experimentally determined strain from the shift of the (10) Bragg peak in the SANS data. Here we have considered that SANS is not sensitive to the change in mesopore length. The explicit calculation of the relative change of the integrated intensity yields
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We assume that the left side of Eq. S2 is given by the experimentally measured change of the integrated intensity of the first Bragg peak in Fig. 3 , main manuscript. This should be a reasonable approximation, since the micropores are disordered and should therefore not contribute substantially to the intensity of the Bragg peak. Hence, Eq. S2 relates the experimentally observed change of the integrated peak intensity to the measured radial strain main manuscript), leading to a negative change of I / I  (Table S1 ). Therefore, the change of the integrated intensity must be a result of the micropore deformation Table   S1 summarizes this calculation for the fully water filled samples as compared to the reference state of the empty samples. determined by deformation of the micropores. We can therefore safely conclude, that for these two samples the origin of the intensity change is mostly related to adsorption induced deformation of meso-and micropores.
The large value of mpw  for the as prepared sample can however not be understood on this base, since this sample does not contain any micropores accessible to water. Moreover, the strong intensity change for this sample suggests a pore wall deformation of about 1.7%, the strain measured by SANS being however by a factor of 3 smaller. Therefore, we must relate this intensity change at least partially to the organic residues present in the sample, as discussed in more detail in the main manuscript.
This simple consideration of the impact of micro-and mesopore deformation gives a reasonable explanation and a satisfactory estimate for the SANS intensity changes observed during adsorption of Z-SLD water in the calcined and sintered samples. Potential systematic errors arise particularly from the separation of incoherent and coherent scattering, and from the fact that the integrated intensity of the Bragg peak may also contain some diffuse scattering contributions from the pore walls. It should be mentioned that in addition isotope effects, i.e., a different adsorption probability for H 2 O and D 2 O in specific pore sites cannot be fully excluded. Such effects have been reported for the absorption of water into polymers 3 , and also for the adsorption of water into carbon micropores at low temperature 4 .
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Theoretical modeling of adsorption isotherms and strain isotherms
The modeling of the experimental data is based on the theory of Derjaguin−Broekhoff−de Boer (DBdB) for adsorption in cylindrical mesopores [5] [6] [7] , the adsorption stress model introduced by Ravikovitch and Neimark 8 , and the mechanical model of a cylindrical tube, which was shown to be an appropriate model to describe cylindrical mesopores on a 2D hexagonal lattice 9 . The detailed theory is presented in ref. 10 , and its extension to the case when the mesopore walls contain additionally micropores was elaborated in ref. 2 . Here we summarize the most relevant equations needed for data modeling.
According to DBdB theory, an adsorbed film of thickness h in a cylindrical mesopore of radius R is determined by the equivalence of the chemical potential of the adsorbed phase and the gaseous phase at a given temperature T and relative gas pressure p/p 0 :
(ℎ) is the disjoining pressure isotherm which is determined from a macroscopic reference isotherm, is the liquid-vapor surface tension of the adsorptive V L is the molar volume of the liquid adsorbate, and is the gas constant.
The disjoining pressure isotherm can be fitted by a simple four-parameter analytical equation, which according to ref 11 reads as:
The adsorption isotherm (specific adsorbed liquid volume V ads (p/p 0 )) is described by two equations, representing the film case before capillary condensation and the filled case after capillary condensation, both depending on the specific mesopore surface area , and the mesopore radius :
The film thickness ℎ is determined by the condition of the thermodynamic equilibrium (Eq. S3).
The stresses within the cylindrical mesopore are anisotropic with respect to the radial and axial directions of the cylindrical mesopores ( and a , respectively), and are determined by the following equations in the film and filled pore regimes:
Here (ℎ) is the change of the surface energy of the adsorbent due to the adsorption which can be determined from the solvation pressure isotherm. The axial and radial mesopore strains are then given by
. ( 12) with being the porosity of the mesoporous struts determined from N 2 adsorption. If the Poisson ratio is estimated in the range of 0.20 ± 0.05 for silica materials 12 , the Young's modulus E of the mesopore wall can be determined by a fit of Eqs. S10 and S11 to experimental data.
To include also microporosity of the mesopore walls into the analysis, the Langmuir adsorption model for the isotherm is used
with the specific micropore volume and being a parameter which is related to the adsorbate -micropore interactions. The stress within the micropore volume is obtained by combining Eq. S13 with the adsorption stress model 
The strain resulting from the stress in the wall of the cylindrical mesopores is obtained from a simple model for volumetric strain originally proposed in ref 14 for microporous carbons:
Here, the microporosity is again determined from N 2 adsorption analysis, and and are the Young's modulus and Poisson ratio of the mesopore wall, as used in Eqs. S11 and S12. The total strain of a micro-/mesoporous sample is now modelled by the superposition of the micropore-(Eq. S15) and the mesopore (Eqs. S11 and S12) strains. Eq. S11 with Eq. S15 can be directly used to determine the radial strain in the mesopores, i.e., the strain SANS  measured by SANS. To determine the macroscopic strain of a hierarchical sample as measured, e.g., by in-situ dilatometry, a first order approximation consists of a linear superposition of the micro-and mesopore strains, with a parameter x determining the contribution of the axial and radial strains to the total deformation of the macroporous network. 
